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Vertical coordinate information is referenced to North American Vertical Datum of 1988 (NAVD 88).
Horizontal coordinate information is referenced to North American Datum of 1983 (NAD 83).
Elevation, as used in this report, refers to distance above the vertical datum.
Supplemental Information
A water year (WY) is the period from October 1 to September 30 of the following year and is designated by the year in which it ends.
Introduction
The Red River of the North begins at Wahpeton, North Dakota, at the confluence of the Otter Tail and Bois de Sioux Rivers (not shown), and flows north into Canada before emptying into Lake Winnipeg, Manitoba ( fig. 1 ). The drainage area for the Red River of the North Basin is about 45,000 square miles (mi 2 ) (excluding the Assiniboine River) and includes parts of eastern North Dakota, northeastern South Dakota and northwestern Minnesota in the United States, and southern Manitoba in Canada. The Red River of the North flows through several urban areas along its path, including the cities of Fargo, N. Dak.; Moorhead, Minnesota; Grand Forks, N. Dak.; East Grand Forks, Minn.; and Winnipeg, Manitoba. Tributaries to the Red River of the North near the Fargo-Moorhead metropolitan area include the Sheyenne, Maple, and Wild Rice Rivers ( fig. 1 ).
The area around Fargo, N. Dak., and Moorhead, Minn., historically has been prone to flooding. Flood-fighting efforts have cost the region millions of dollars, and if these emergency flood-fighting efforts are overwhelmed, the results could be catastrophic (Flood Diversion Authority, 2015) . The FargoMoorhead Area Diversion Project was established to develop permanent flood-protection measures for the region. The current (2015) plan includes a 20,000 cubic feet per second (ft 3 /s), 36-mile (mi) long diversion channel with 32,500 acres of upstream floodwater staging (Flood Diversion Authority, 2015) . As the Fargo-Moorhead Area Diversion Project moves forward in the design phase, discharge and water-surface elevation data are needed where diversion structures are being planned. For design planning of diversion structures proposed for the Red River of the North and Wild Rice River, and the aqueduct/diversion structures proposed for the Sheyenne and Maple Rivers, the U.S. Geological Survey (USGS), in cooperation with the Fargo Diversion Board of Authority, collected water-surface elevations during a range of discharges needed for calibration of hydrologic and hydraulic models for the specific reaches of interest in water year (WYs) 2014-15.
Purpose and Scope
The purpose of this report is to describe the methods and results for the collection of discharge and associated watersurface elevation data through reaches of the Red River of the North, Sheyenne, Wild Rice, and Maple Rivers (figs. 1A-1D). Discharge measurements and multiple water-surface elevations along each reach were collected together during various hydrologic conditions in WYs 2014-15.
Methods
The methods used to collect water-surface elevations and discharge measurements for the Red River of the North, Sheyenne, Wild Rice, and Maple Rivers ( fig. 1 ) in the FargoMoorhead metropolitan area are described in this section. Multiple measurements were made during a range of hydrologic conditions in WYs 2014-15. 
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Water-Surface Elevations
Water-surface elevation data were collected using surveygrade Global Navigation Satellite Systems (GNSS) methods. Vertical control was obtained by checking against National Geodetic Survey (NGS) survey markers in the local area ( fig. 1; table 1 ). Real-time GNSS data were collected using a single-base real-time kinematic (RTK) surveying approach described in Rydlund and Densmore (2012) . A dual-frequency receiver base station was mounted on a fixed-height tripod directly over a known benchmark. The base station includes a broadcast radio and long whip antenna, which is used to broadcast data corrections from the base receiver to a rover receiver. The rover receiver is used in a kinematic fashion, receiving data corrections from the base in "real-time" to derive position and elevation of an objective point (Rydlund and Densmore, 2012) .
Several factors affect the vertical accuracy of these GNSS surveys, including wave action from wind at observed point locations, current satellite geometry, and various other factors (for example, multipath errors and signal degradation from vegetation cover) interfering with the base-to-rover communication. Typically, single-base RTK equipment vertical accuracies, assuming a minimum of five satellites and Position Dilution of Precision (PDOP) less than 4, are generally 0.066 feet (ft) plus or minus 1 part per million at the 68-percent confidence level (Rydlund and Densmore, 2012) .
The RTK base station was deployed for each survey on the closest NGS marker (http://www.ngs.noaa.gov/) to each reach (figs. 1A-1D; table 1). Elevation verification shots were collected during each survey on at least two NGS markers. All verification shots were located within 4 mi of each surveyed reach (figs. 1A-1D).
Position and elevation data were collected at seven observation points along each of the reaches during each survey, except for two surveys on the Maple River where only six points were measured because one point location was inaccessible during low-flow conditions. No permanent markers were established at the seven locations, so a handheld Global Positioning System was used to locate previously observed location points within about 20 ft from one survey to the next survey. At some locations on the Sheyenne and Wild Rice Rivers, elevation reference points were established on bridges and tape-down measurements were made from these reference points to calculate water-surface elevation. Within the Sheyenne River reach, a USGS streamflow gaging station exists at SR7 (station number 05059300, fig. 1B) . A wire-weight gage at SR7 was read and converted to elevation during some visits rather than a tape down. A wire-weight gage is a device where a weight suspended on a wire is lowered to the water surface from a bridge or other overhead structure to measure the distance from a point of known elevation on the bridge to the water surface.
Discharge Measurements
At each of the four river reaches, discharge measurements were made at preselected sites (figs. 1A-1D) with either an acoustic Doppler current profiler or conventional acoustic Doppler velocimeter (table 2). Discharge measurements were made following methods described in Turnipseed and Sauer (2010) and Mueller and others (2013) . Discharge measurement data and streamflow gaging station data are available at http://waterdata.usgs.gov/nd/nwis/.
Water-Surface Elevations and Discharge Measurements
Water-surface elevations and discharge measurements were collected during a range of hydrologic conditions at selected reaches of the Red River of the North, Sheyenne, Wild Rice, and Maple Rivers (figs. 1A-1D) in the FargoMoorhead metropolitan area in WYs 2014-15 ( fig. 2 ).
Red River of the North
The Red River of the North reach was surveyed six times in WYs 2014-15 ( fig. 1A ; tables 1 and 3). Discharge measurements were made at a single location (RR4) on the Red River of the North 50 ft below the mouth of Wolverton Creek during each survey ( fig. 1A) . Measured discharges ranged from 276 to 6,540 ft 3 /s ( fig. 2 ; tables 2 and 3). Position and elevation data were collected at seven observation points along the reach during each survey ( fig. 1A ; table 3). A survey rod offset error of 3.34 ft was discovered when processing the data for the October 21, 2014, survey; and a correction was applied to the final elevation data.
Profiles of the water-surface elevations collected along the reach for the Red River of the North in WYs 2014-15 are shown in figure 3. The slope of the Red River of the North is generally flat with slopes ranging from 1.3 feet per mile (ft/mi) at Wahpeton, N. Dak., to 0.2 ft/mi at the international boundary (Red River Basin Board, 2000) and can be seen in the small water-surface elevation differences shown in figure 3. Water-surface elevation differences from upstream to downstream points in the reach ranged from 0.33 ft on September 2, 2015, at a discharge of 276 ft 3 /s to 1.45 ft on June 20, 2014, at a discharge of 6,540 ft 3 /s. The water-surface elevation difference of the reach generally increased with increasing discharge (table 3; fig. 3 ). Among several elevation measurements along the reach, variability within the precision error of the RTK surveying method showed a slight negative slope between measurement points in some of the profiles ( fig. 3 ). Water-surface elevation, in feet above 
Sheyenne River
The Sheyenne River reach was surveyed six times in WYs 2014-15 ( fig. 1B; tables 1 and 4) . Discharge measurements were collected at two locations during each survey ( fig. 1B; table 2 ). Because access was limited at the point of interest for measuring discharge, locations upstream and downstream were selected for measurements instead. The average of the two discharge measurements (measured at SR2 and SR7) was used as the discharge for the point of interest (SR5) within the reach. Measured discharges ranged from 166 to 2,040 ft 3 /s (tables 2 and 4). Position and elevation data were collected at seven observation points along the reach during each survey ( fig. 1B; table 4) . Profiles of the water-surface elevations collected along the reach for the Sheyenne River are shown in figure 4. Watersurface elevation differences were greater than those measured on the Red River of the North; differences from upstream to downstream points in the reach ranged from 3.15 ft on July 20, 2015, at a discharge of 846 ft 3 /s to 4.80 ft on April 21, 2015, at a discharge of 168 ft 3 /s (table 4; fig. 4 ). The April 21, 2015 elevation for SR1 was affected by new bridge construction on Cass County Road 36. Construction crews were backing up and diverting flow during bridge construction. Water-surface elevation, in feet above 
Wild Rice River
The Wild Rice River reach was surveyed six times in WYs 2014-15 ( fig. 1C ; tables 1 and 5). Discharge measurements were collected at a single location (WR4) for five of the six surveys and at two locations (WR3 and WR6) for the survey on June 19, 2014, during a high-flow event (fig. 1C) . The average of the two discharge measurements during the highflow event was used as the discharge for the point of interest (WR4) within the reach (table 5) . Measured discharges ranged from 13 to 1,550 ft 3 /s (tables 2 and 5). Position and elevation data were collected at seven observation points along the reach during each survey ( fig. 1C; table 5 ).
Profiles of the water-surface elevations collected along the reach for the Wild Rice River are shown in figure 5 . Water-surface elevation differences from upstream to downstream points in the reach ranged from 3.57 ft on September 2, 2015, at a discharge of 13 ft 3 /s to 5.85 ft on May 21, 2015, at a discharge of 442 ft 3 /s (table 5). There are two distinct rock and gravel riffles affecting the slope during low-flow conditions within the reach between WR5 and WR6 on the Wild Rice River ( fig. 5 ; profiles measured on October 22, 2014, and August 17 and September 2, 2015) . These riffles seem to be part of the bridge construction and are 20-50 ft upstream from the Interstate 29 Bridge and at the remediated 25th Street South Bridge 1.2 mi downstream ( fig. 1) . 
Maple River
The Maple River reach was surveyed four times in WYs 2014-15 ( fig. 1D ; tables 1 and 6). Discharge measurements were collected at MR6 for three of the surveys and at MR5 for the survey on July 21, 2015 because MR6 was inaccessible ( fig. 1D; table 6 ). Measured discharges ranged from 16.4 to 633 ft 3 /s (tables 2 and 6). Six surveys were planned, but only four surveys were completed because of issues with land access and frequent low-flow conditions. Position and elevation data were collected along six or seven observation points along the reach during each survey ( fig. 1D; table 6 ). Some observation points were inaccessible during low-flow conditions.
Profiles of the water-surface elevations collected along the reach for the Maple River are shown in figure 6 . Among all the reaches measured on the Red River of the North and its tributaries in WYs 2014-15 ( fig. 1) , the greatest water-surface elevation differences were measured on the Maple River reach. Water-surface elevation differences from upstream to downstream points in the Maple River reach ranged from 8.48 ft on May 27, 2015, at a discharge of 633 ft 3 /s, to 9.42 ft on September 3, 2015, at a discharge of 16.4 ft 3 /s (table 6 ). There is an abrupt change in water-surface elevation (about 3.4 to 6.8 ft) in the reach between MR2 and MR3 ( fig. 6) . From field observations, a small rubble dam 1 mi downstream from the 165th Avenue SE Bridge causes the abrupt change in the slope for flows less than about 2,000 ft 3 /s on the Maple River ( fig. 6 ). Water-surface elevation, in feet above 
Summary
For design planning of diversion structures proposed on the Red River of the North and Wild Rice River and the aqueduct/diversion structures proposed on the Sheyenne and Maple Rivers, the U.S. Geological Survey, in cooperation with the Fargo Diversion Board of Authority, collected water-surface elevations during a range of discharges needed for calibration of hydrologic and hydraulic models for specific reaches of interest in water years 2014-15. The Red River of the North and the Sheyenne River reaches were surveyed six times, and discharges ranged from 276 to 6,540 cubic feet per second and from 166 to 2,040 cubic feet per second, respectively. Watersurface elevation differences from upstream to downstream points in the Red River of the North reach ranged from 0.33 to 1.45 feet. Water-surface elevation differences were greater on the Sheyenne River reach than those measured on the Red River of the North; differences from upstream to downstream points in the reach ranged from 3.15 to 4.80 feet. The Wild Rice River reach also was surveyed six times, and discharges ranged from 13 to 1,550 cubic feet per second; and watersurface elevation differences from upstream to downstream points ranged from 3.57 to 5.85 feet. The Maple River reach was surveyed four times, and discharges ranged from 16.4 to 633 cubic feet per second; and water-surface elevation differences from upstream to downstream points ranged from 8.48 to 9.42 feet.
